Objectives The objectives were to investigate the impact of 'time-effect' on the estimation of quality-adjusted life years (QALYs) along prospective clinical trials' outcomes using an assumed fixed time duration versus the actual time durations for each case. The 'time' duration is the length of time in a health state. Methods Two methods were used in the estimation of QALYs based using EQ-5D 3L scores collected at specific time-point intervals. One method used the actual time durations for each case based on CRF records, and the other used an assumed time duration and globally applied it to all the cases. Using SPSS â software program, we used pairedsample t-tests to assess whether the 'time-effect' can potentially affect trial results using CONSTRUCT trial data as reported in the trial results publications. The trial compared use of Infliximab with Cyclosporine for patients with Ulcerative Colitis and it involved some 270 participants. Key findings The results largely indicate statistically significant differences between the two methods of QALY estimations. QALYs at the respective time-points indicate no statistical difference between the two approaches. However, the difference in terms of total QALYs between the two QALY estimation approaches is statistically significant with considerable impact on costs/QALY. Conclusions Considering the possible impact of the time-effect on QALY estimations, the result implies that it can have significant implications for resources allocations decisions. In this respect, researchers have to pay due considerations to the approach they use and where possible, actual time durations must be used in QALY estimations along prospective clinical trials.
Introduction
EQ-5D-3L is a generic preference-based patient-reported outcome measure which can be used to provide estimations of quality-adjusted life years (QALYs) gained. QALYs is a measure of quality and quantity of life (i.e. a product of the health-related utility state and the number of times or period in that state). Estimations of QALYs from EQ-5D utility scores collected at different time-points along clinical trials can be made using two approaches. The two approaches are the application of the same fixed period of time between visits for all participants, for example 3 months (converted to years), if data were supposed to be collected at 3-month interval for participants or using the actual period between visits using the actual dates when the EQ-5D-3L data were collected as recorded on Case Report Forms (CRFs) or Patient Follow-up Questionnaires (PFQs) in the estimation of QALYs. In the second method, the time period would be the difference between the recorded dates on the CRFs or PFQs. For example, the period/time (in years) between two time-points for CRFs/PFQs with dates 05/10/2012 and 21/01/2013 would be 0.29589 assuming 1 year to be 365 days.
The objective of this study was to evaluate the possible impacts of the two methods of QALY estimation along clinical trials on the trial results using patient-level data from the CONSTRUCT clinical trial. The null hypothesis for this research is that there is no statistically significant difference of means between total QALYs for the fixed-period method and the non-fixed-period approaches (i.e. the one for which the periods or time factors for QALY calculations are based on actual EQ-5D dates as provided on the CRFs and PFQs). While total QALYs are the main outcome of interest for this study, differences between the two approaches for QALYs at the respective data collection points are also examined.
The CONSTRUCT trial was a non-blinded controlled study which compared Infliximab with Cyclosporine for patients with Ulcerative Colitis. [1] Infliximab and Cyclosporine are among few immunosuppressive drugs which are predominantly in use for treatment of steroid-resistant Ulcerative Colitis. [1, 2] The trial was funded by National Institute for Health Technology Assessment Programme and conducted by the College of Medicine, Swansea University. The economic evaluation component was subcontracted to the Health Economics and Policy Research Unit, University of South Wales. The protocol and the results of the trial have been reported by Seagrove et al. [1] and Williams et al. [3, 4] respectively.
Methods
Comprehensive description of the trial design has been provided in Seagrove et al. paper. Figure 1 provides the flow chart of the clinical trial. Participants were randomly allocated to either Infliximab or Cyclosporine in equal proportions. In all, 52 UK centres (including large teaching hospitals) across various NHS Health Boards or Trusts in Wales, England and Scotland, participated in the study. [1] The main clinical outcomes (results of which have been reported by Williams et al. [3, 4] include mortality, colectomies, readmissions, quality of life and cost-effectiveness of the interventions. Data on these measures were collected from participants at baseline, 3, 6, 12, 18, 24, 30 and 36 months. The target population were patients with acute severe Ulcerative Colitis who failed to respond to 2-5 days Figure 1 CONSTRUCT trial flow chart adopted from trial protocol (Seagrove et al. [1] ). course of intravenous steroid treatment and did not need surgery. Of the 270 randomised to the clinical trial 100 were female and 250 being White. [3, 4] The mean weight and height were 74.14 kg and 1.71 m respectively. One hundred and twelve indicated that they have never smoked. [3, 4] The quality of life outcomes were measured using EQ-5D-3L, CUCQ and SF-6D. The EQ-5D-3L health state values were used in the estimation of QALYs. The quality of life instruments were completed by participants at specific time intervals cited earlier. [1] These intervals (or data collection time-points) are key components in the estimation of QALYs.
The estimation of QALYs adopted a linear approach based on Manca et al. [5] as in the formula below.
Total QALYs
where x i represents EQ-5D-3L utility scores at respective data collection points and p i , the periods between the EQ-5D-3L utility scores for the respective data collection points. This assumes a linear relationship between data collection timepoints and can be described as the area under the straight lines. The periods between visits can be calculated using patient-level data using the dates recorded on the respective CRFs and PFQs (i.e. on the completed EQ-5D-3L forms).
In the application of this formula, two methods were used. One was the use of the same equal periods of time between data collection points of baseline, 3, 6, 12 months and the like across for all cases as applicable, and the other is the use of actual dates (reflecting when the scores were provided) on the questionnaires to calculate the time periods in the estimation of QALYs.
Where there were cases of missing data for EQ-5D-3L utility values, data for the last/previous known state are used consistent with White et al. (2011) . [6] Participants lost to follow-up for any particular reason including deaths and withdrawals were not included in EQ-5D utility analyses. Participants with only one EQ-5D records were as well not included in any estimation of QALYs.
In the case of missing dates, if it is between two data collection points, the mid-point between the dates is used. If it is at the end, for example when we have dates for the 30-months' data collection point but not for the 36-months' collection point, then 182 days which is supposed to be the period in days between the 30th and 36th months is added to compute the missing date. If a date is provided but not EQ-5D-3L utility value, then it is treated as a missing value. Where two EQ-5D-3L questionnaires are recorded for a participant and the period between them, span over many data collection points then the intervening data collection points is treated as missing and not as if the participant has only two EQ-5D utility values.
As this study is intended to highlight essential methodological issues in the calculation of QALYs along clinical trials, it will not be reporting or commenting on the final results of the CONSTRUCT trial. Central to the analyses for this research is 'total QALYs' in the two QALY estimation approaches (i.e. using fixed and non-fixed time periods in the estimation of QALYs). In these, both discounted and non-discounted total QALYs were examined. A discount rate of 3% was used. Even though total QALYs are the main outcome of interest for the comparison of the two approaches, QALYs at the respective data collection points, that is, at 3, 6, 12, 18, 24, 30 and 36 months using the two approaches were analysed as well. Paired-sample t-test was used to compare the two approaches with and without bootstrapping using total QALYs.
To test the statistical difference between two measurements that are from the same sample, paired-sample t-tests also known as repeated measures t-tests were performed. Prior to conducting this test, the data were examined to ensure that all the essential conditions for the test, such as assumptions of normality, issues of outliers and the dependent variable to be a continuous data among others, are met. Had these conditions not been met it would have been appropriate to use Wilcoxon signed-ranks test instead, which is a nonparametric test used where data are not assumed to be normally distributed.
Paired-sample t-tests were performed on both QALYs estimated at the respective data collection time-points, and the main outcome of interest which is total QALYs (discounted and non-discounted) estimated using the two approaches being investigated. These are use of fixed time periods and patient-level data dates in the calculation of QALYs. Total QALYs are the main outcome of interest for reasons that it is the total QALYs that determine the final HRQoL results of a clinical trial and therefore feed into UK's National Institute of Health and Care Excellence's (NICE) threshold considerations for the use of a drug or otherwise in the National Health Service. Bootstrapping was also used to assess whether differences between the two approaches will continue to be significant even with resampling or data replication.
All the analyses were performed using SPSS â of IBM Corporations, Armonk, NY, USA. The mapping of EQ-5D-3L scores to utility values was performed using SPSS â . The same program was used to organise the data as well as for the handling of missing data.
Results
In all, 270 participants with acute severe Ulcerative Colitis who failed to respond to intravenous steroid and did not need surgery were randomised to participate in the two-arm non-blinded clinical trial. Of this, 12 participants withdrew consent for both CRF and PFQ and were therefore not included in any of the analyses in any way or form hence 258 participants remained for inclusion in the analyses. Table 1 provides details of the number of available EQ-5D-3L data used in the estimation of QALYs at the respective data collection points.
Paired-sample t-tests
The analyses of QALYs for the various data collection time-points largely indicate no significant differences
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Morro M. L. Touray between the two methods at the respective time-points ( Table 2 ). The only place where there is significant difference is at 6th Months' time-point where the 2-tailed significant P-value is 0.005. With regard to the main outcome of interest, total QALYs, there is statistically significant difference between the two QALY calculation approaches. Even after conducting bootstrapping, the 2-tailed significance P-values on the differences between the two approaches remained significant for both discounted and non-discounted total QALYs. The bootstrapping results are based on 10 000 bootstrap samples. Table 3 provides details on the results of paired-sample tests on total QALYs for the two methods. These results demonstrate the potential impact of 'time-effect' on the outcome of QALY estimations along clinical trials for EQ-5D scores collected at different time-points.
The cost-effectiveness analysis in Williams et al. [3, 4] indicated mean cost per QALY to be £7604.89 and £10 664.38 for Cyclosporine and Infliximab, respectively, over 30-month period. These costs were weighted by participants' time in the clinical trial. As this study covers a period of 36 months, we have made the assumption that above costs over 30 months should not significantly change in the additional 6-month period. In this respect, applying the above mean costs would result in cost-effectiveness ratio of £93504.09/QALY using actual time period approach in calculation of QALYs. When the fixed-period approach is used, the cost-effectiveness ratio has been increased to £119575.83/QALY in favour of Cyclosporine.
Discussions
Based on the results, the paper emphasises the need for researchers to report the approach they employed in their estimation of QALYs from EQ-5D utility data collected at different time-points along clinical trials due to its possible implications on trial results. These results have consistently indicated significant differences between the outcomes of the two approaches even with data replication. The application of the mean costs to these results also indicates stark differences between the two approaches. Patient-reported outcome measures (PROMs) proved to be vital in providing yardsticks in many areas of healthcare delivery around the world. While there can be many reasons for this, the main thing is that it is because patients themselves provide the information. In this light, PROMs provide validated evidences of health from the patients' point of view hence can be used to assess health needs and levels in populations particularly the users of healthcare services. PROMs can therefore serve as evidences of the impact and outcomes of healthcare interventions and services. EQ-5D is one of the non-disease-specific measurements (generic instruments) used in this research, which feeds into HRQoL measures used by researchers and decision makers for healthcare analysis and resources allocations amongst others. In the context of the United Kingdom, EQ-5D is one of those preference-based measurements used in the estimation of QALYs, which is mathematically a product of the health utility and the time spent in that health utility. QALYs are key yardsticks in health economic decisions regarding the introduction of healthcare interventions into the National Health Service.
The implications of these current research results with respect to the differences between the two QALY calculation approaches along clinical trials and for that matter the potential impact of 'time-effect' on total QALY outcome can be essential for many reasons. First, EQ-5D scores reported by a patient are not a retrospective reflection of the person's health state but the health state at the 'time'. So using a different date and for that matter 'time' is a misrepresentation of realities. Second, in real-life situations, patients should not be expected to be reporting at exactly the same time intervals. In addition to appointment failures, there are also variations in terms of waiting time across practices. Third, studies that may not have the time and resources to conduct RCTs, such as those using meta-analysis, may be using mean total QALY results of these types of trials to feed into their research. The outcomes of clinical trials can therefore greatly influence the results of such meta-analyses studies. Fourth, as indicated in the costing and cost-effectiveness projections, it is clear that it can have resources allocation decision implications. The increment in terms of cost-effectiveness ratios between the two approaches is well over 20% which can be fundamental considering limited healthcare resources challenges.
This analysis has a number of limitations. The sample size can be considered to be too small. Because of the small sample size bootstrapping was used which is a standard practice in economic evaluation analysis conducted alongside clinical trials. [7] [8] [9] [10] As a result of the small sample size, the mean difference in terms of days between the two approaches is about 8 days. However, 8 days can have enormous healthcare resources implications as demonstrated in the economic evaluation projections. The missing data imputation approaches used in Williams et al. [3, 4] and this study differ. This explains the differences in terms of numbers (for the respective data collection points) and QALYs gained in the descriptive analysis of this study and that of Williams et al. [3, 4] Differences between QALY totals at most of the data collection points are not statistically significant (see table) . However, the hypothesis for this analysis is premised on the overall QALYs' total and not that of the respective data collection points. It is not these individual QALYs at the specific data collection points along a prospective trial which 
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Morro M. L. Touray represent the final QALY outcome. It is instead the total QALYs (which is the sum of the QALYs estimated at the various time-points). Considering the statistically significant differences between the two methods as revealed by this current analysis, it is imperative and essential for researchers to report which of the two approaches they employed in the estimation of QALYs from preference-based utilities collected at different time-points along clinical trials. It is also vital that they report confidence intervals for such mean scores to inform possible sensitivity analysis to be used in other studies that may be using their results. So far, there are no evidences indicating that researchers are providing information on the approaches they used with regard to the 'time-effect' in the calculation of QALYs from preference-based utility values collected at different time-points along clinical trials.
Conclusion
Quality-adjusted life years are prominent yardsticks in economic evaluation of healthcare interventions in the United Kingdom. QALYs are in fact the recommended measure of disease burden by NICE. [11] The most frequently used health-related quality of life instrument in the estimation of QALYs has been EuroQol's EQ-5D instrument. [12] The estimation of QALYs in this prospective clinical trial was based on EQ-5D-3L which was collected at specific timepoints.
Quality-adjusted life years are a product of health utilities and the 'time' a person spent in that health utilities state. This therefore explains the possible impact the 'timeeffect' can have on QALY estimations along prospective clinical trials where utility values are collected at specific time-points.
That time component in QALY estimations can be calculated using the exact dates on patient records, that is the dates the utility values were taken or just using the same assumed time for all the participants. Using paired-sample ttest, this study reveals statistically significant difference between the two approaches demonstrating the potential impact the 'time-effect' can therefore have on trial results both in terms of QALYs and the attendant cost-effectiveness. The cost-effectiveness ratio was £93 504.09/QALY using actual time period approach in calculation of QALYs. When the fixed-period approach was used, the cost-effectiveness ratio increased to £119 575.83/QALY. This result does not only justify the need for researchers to pay due considerations to the approach they used in QALY estimations, but most importantly, it emphasises the need for researchers to use actual time durations in QALY estimations along prospective clinical trials.
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